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Brief Summary Paragraph Right (19) : 

f d™ a ^ n %°V hiS invention delude transcription of genes, constitutively or in 

hi Pend ^ manner ln Vltr °' e - g " f ° r the Production of a desired protein which 
may be separately recovered, for achieving higher levels of expression in 

^vn™^ 10 f baSSd " 8a ? 8 < includin 9 two-hybrid assays) , and for the regulated 
expression of required viral genes in producer cells lines used for production of 
recombinant viruses (e.g. for the regulated expression of AAV rep and/or cap gents 
an host cells used for the production of recombinant AAV) .^ther applications 
include in vivo applications such as the constitutive - ^ regulated expression of a 
target gene of interest in an animal model (e.g. for research or veSJnJry 
purposes) as well as for the constitutive or regulated expression of a target gene 
of interest in a human subject, e.g. in the case of gene therapy. In the case of 
human gene therapy, it will often be preferred that the components of the chimeric 
proteins be of human origin and/or that the engineered cells be encapsulated 

Detailed Description Paragraph Right (99) .- 

The invention can be adapted to an ecdysone inducible system. Early work 
demonstrated that fusing the Drosophila steroid ecdysone (Ec) receptor (EcR) 
Ec-binding domain to heterologous DNA binding and activation domains, such as E 
coli lexA and herpesvirus VP 16 permits ecdysone-dependent activation of target 'gen 

Acad Sc re u m s°A ^f^V^ 119 S , itSS ( Christ °Pherson et al. (1992) Proc. Nat?. 
rt^fi'J^' U - S - A - 89:6314) An improved ecdysone regulation system has been 
developed, using the DNA binding domain of the EcR itself. In this system the 
regulating transcription factor is provided as two proteins: (1) a Salted mutant 
EcR fused to herpes VP16 and (2) the mammalian homolog (RXR) of Ultraspiracle 

AcaTsc I™*'* f'S ^r d r^ ZeS With thS ECR (N ° et_iI - "oc "atl. 

Acad, sci U.S. A 93:3363). In this system, because the DNA binding domain was also 

recognized by a human receptor (the human farnesoid X receptor) , i? was altered to a 

site recognized only by the mutant EcR . Thus, the invention provides an ecdysone 

inducible system, in which a truncated mutant EcR is fused to at least one subunit 

of a transcriptional activator of the invention. The transcriptional activator 

further comprises USP, thereby providing high level induction of transcripSon of a 

target gene having the EcR target sequence, dependent on the presence of ecdysone . 

Detailed Description Paragraph Right (121) ■ 

Yet another viral vector system useful for delivery of the subject chimeric genes is 
the adeno-associated virus (AAV) . Adeno-associated virus is a naturally occurring 
defective virus that requires another virus, such as an adenovirus or a herpes 9 
virus as a helper virus for efficient replication and a productive ie cycle (For 

a 58 e 97 e ?; q ? ee T r UZyC ^ a St al " CUrr - TOpiGS in Micro - and P Immunol. (1992) ' 

M 8 alS ! ° ne .° f the few viruse s that may integrate its DNA into 
non-dividing cells, and exhibits a high frequency of stable integration (see for 

T^Mo^?" 6 St a1 -' (1 " 2) Am - J - Res P ir - Cell. Mol. Biol. 7?3«-iS- Samufski et 
!' 9 X 1 " 1 ' "=3822-3828; and McLaughlin et al . , (!989) J. Virol ' 

62^1963-1973) . Vectors containing as little as 300 base pairs of AAV can be packaged 
and can integrate. Space for exogenous DNA is limited to about 4 . 5~kb An LfveSor 
such as that described in Tratschin et al., (1985) Mol. Cell. Biol. 5 '■ 3^1^60 can 
be used to introduce DNA into cells. A variety of nucleic acids have been introduced 
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TITLE : Compositions and methods for regulation of transcription 
g£ief_Su mmary Paragrap h^^ {26) . 

™ nant nucleic acid 

domain and transcription activation domain a P „ 9Md b " nding domain ' bundling 
encoding a protein comprising a DNA blnllna d „S recombinant nucleic acid 
recombinant nucleic acid comprising a ^ and an °P tion al third 

linked to an expression coS 2 n i 9 ^ ( ° r Cl ° ning site) operatively 

DNA binding domain mentioned above^Such cZto^ 3 DNA SeqUenCe "cognized by the 
in which the ligand binding domains fre or Tri derivLT illustrated embodiments 
as an ecdysone receptor; the DNA binding domain ill ■ T * rece P tor d °^in such 
domain such as an RXR protein, cho S Sr S »V ■? " derived from a DNA binding 

grief Summary Paragraph p-i^f (31) . 

Each of the recombinant nucleic acidq of m„ ■ 

expression control sequence openly li nk e£ L^IT T "* Y fUrther COm P rise an 
provided within a DNA vector e f , t0 ! he Codlna sequence and may be 

^sc"^^^ 311 ° f thS --^?^;nt 0 LcL^c\c^ror in9 • Pr0kary0tiC ^eukaryotic 
described above, including any optional r^nL ! 91Ven ^position as 

within a single vector or^ay^^app^^^edtetween't ^ be P~ sent 

embodiments, the vector or vectors a between two or more vectors. In certain 

recombinant viruses containing one or more th. ^ US ^ Ul f ° r P^ing 
recombinant nucleic acids may be provided as i^L?^^ nUCleic acids - The 
viruses which may be used, for example to trJnsdu^ W1 ^ ln . one or "»« recombinant 
within an organism, including a hum «r I f CeUs in vitro or cells present 

the recombinant nucleic aciSs of anv of cl; ^ mammalian subject. For example 
recombinant nucleic acids, may be Resent withi'nT, 8 • 1_ f ' includin 9 «Y optional 
within a set of recombinant v1r,,«.; , a Sln 9 le recombinant vi rus or 

of recombinant nucleic acids. Viruses useful for- , T^t*? 9 ° ne ° r more of the set 
useful for gene transfer, including adenoviruses S ^ embodimen ts include any virus 
retroviruses, hybrid adenovirus -AAV , ' ad eno-associated viruses (AAV) 

embodiments, the recombinant nucS acS cZrf™**' ^ viruse -' etc. In specific 
first virus and one or more o^t he recoil nan? ™h 9 ■ ^ target gene is P«B«t in a 
transcription regulatory protein (s) ar^ n^f . lG1C aClds enc oding the 
in such multiviral embodiment i recoLinant^uc^ 0116 ° r , m ° re additi °»al viruses, 
comprising a bundling domain and a transection 1,1° encodin 9 a fusion protein 

a ligand binding domain, may be provided In tne *^ Vatl0 ?. d ° main < and optionally, 
gene construct, or alternatively? on a third virus tI^^T VlrUS as the tar£t 
non-viral approaches (naked DNa] liposomes or n^f " n ^° Uld be a PP^ciated that 

orga d nr eliVer ™- ^^"ir^SoT^ ^ frecip^ 
gjta, iled D escription Par^p* (8fl) ; 

ending dom^in^ht ffiSl?^ JylS Ihe^ ^ ^ DNA 

factor is provided as two proteins- (1)1 ! ^ he re 9 ul ating transcription 

and (2) the mammalian homofog (r^ of Ul tra^iracle proSn* ZlT^j^ ^ 
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M-J^f""?^?;^ 1611 ^ E f (N ° 6t 3l - (1 " 6) Proc " Na tl- Acad. Sci USA 

only by the mutant EcR . Thus the inLnf!? ' ■ altered to a site recognized 

in which a truncated mutant EcR is fused to It lltlt " ec *l B ™ inducible Wem, 
activator of the invention The Jran^TnM at / east ° ne subumt of a transcription 
providing high level induction of " faC '° r further "prises USP, thereby 

target sequence, dependent 'cTthe pre^nc^of "c^"*" ^ ^ tha ECR 

D etailed Description Paragrap h Righf ( 96 ) ■ 

(or repression). System! based on lSrt i 9 * ? eslred 9 ene for expression 

a fusion protein containing th. ™, ?. ^ "J ed cr °"«-li">*in9 generally rely upon 
binding drains. Sl^l'S^-'SlJrStiSri^,,:^ 0 ™ 0r <°°™ W™* 

allost.r^based systems Uke the ?.«° 1Ce / f ™ A M ° din9 d =™ ai "=- 

allostery-based systems wch « ^ actlva "™ ° r repression domain) . some 
m »hic£ =ont.l„I"^^ 9 t ^^«^»iJ t ^ a "yjt.?. uae . protein like 

are some„hat less amenable tlT^^l™ 
Detailed Description Paragraph Rig ht (104) • 

..pre^LroontSI's^uen^Scn peStslioand"" 7?*^ ^ C ° » 
More specifically, such a conSc? "a fcomprfses- ° f the . 9Me ' 

DNA seguence recognized bv a dna hin^™ ^ ■ ? ( ' one or more copies of a 

(or by q a DNA binding protein ^ r£ Si^Sh?/ "f™ ° f the ?nve ^ion 

invention); (2) a promoter Lm^nJ^ ^ t0 3 fuSlon P rot ein of the 

seguence but optional 'ZT^^Z^l™ 1 *. m ^^]Y of a TATA box and initiator 
sequence encoding the desired nrortSrf ■ ? n * cri P tlon fact °r binding sites; (3) 
initiation and termination" of tS^i™ ^ se< ^ encss tha * Promote the 
consisting of a splice donof slucl 1 ^opnate; (4) an optional sequence 
sequence directing cleavage anf polyadenylatLn"^ t^ intr ° n ° NA; and (5) a 

bss 1 ^ stress ss^B^^-^ -e^ro-biy 

.ore copies of ! DNA ^^\^^^ f ^ 

Detailed Description Paragraph Right- (119) . 

s I e„uenc^ 6 ^ S s^L i „ 9 „:u,^y e p re2tei;„S^^tSe1n n ? ^ ^ ™"» 
binding domain) . predetermined (by the choice of tetR or RXR-type DNA 

Detailed Description Paragraph Right (129)- 

may ^^io^^TL^cS^^ * ^ ^ -fences 
be incorporated into vectors capable I f tl^ V ?° nvenient . means ■ The constructs may 
vectors) or into vectorf designed for inlla^ re P llca 5 ion (e - q - B ^ or EBV 
The constructs may be integrated a D ? " * ^ CeUs ' chr omosomes. 

riSr-!„^:tro-r 

appropriate treatment for intrnA,rH«n \-u construct (s) , followed by the 
construct (s). The cells lill J ?! construc t(s) and integration of the 

present in ihe conducts varies makers wnief ""T^ by VirtUe ° f a marke - 
hprt, neomycin resistance, ■t^nTSS.r'iSrScJ: ^. t ™£* " 
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various cell-surface markers such as Tac CDS rm ™, -. ^ ... 

5 iac ' LD8 ' CD3 < Thyl and the NGF receptor. 

Detailed Description Paragraph Rig ht- ( 140 ) • 

Viral systems include those based on viruses such *h«™ • 

virus, hybrid adeno-AAV, lentivirus and adenovirus, adeno-associated 

by infection, and in^e easel integrat Ion of tit* ' f ° r transd ^tion 

genome. See, for example, Dubensky eSt U984) Sroc"^^ fT 9 ^ int ° the host 
7529-7533; Kaneda et al . , (i 98 9) ScW* il? Ztl ?™ " ' AcacL Sci • U - S - A - 81, 

Natl. Acad. Sci. U.S.A. 6 3594-^598 LtlL? , i H } ebert ^ al " (1989) PrOC ■ 

17285-17293 and Ferry, e 1 9 L 9 » *J ' (1 " 0) J ' Bio1 • Chem - 
The virus may be administered by in ection Te a Tntt Scl \ U -?" A - 88 < B377-8381! 
intramuscularly), inhalation, or other parenteral S T^, " 
such as administration of the DM v c i : Non-viral delivery methods 

catheter or biolistics M v»i.«k. complexes with liposomes or by injection, 
U.S. Ser. No 60/0848 9 LfeLmpirlor ^d 6 ; 9 ' "? 9< ^ 1865 ' and 
delivery of recombinant 'nucL^aSds to cSfi^o 9 ^^^ f °™ lati ° n - 

Det ailed Description Paragrap h Right (145) . 

systems including a recombinant retrovirus tZTr. interest into viral delivery 

(AAV) , hybrid adLovirus/AAV LSes vi^'o^ ? T lrUS ' aden °- a ssociated virus 
applications may be carried ^J Sn Z lentivirus (although other 

While various viral Actors Say be llelTn^ b ? Cterial or eukaryotic plasmids) . 
adenovirus-based approaches «e of partial ^ e .P" ctlce °f this invention, AAV- and 
genes in vivo, particularly into humaS an"d ItiT^ f° r ^ tr *™^ of el^genous 
guidance on the choice and use of viral v^t^ mamma l s - The following additional 
especially with respect to pi a Invo^vin^ ? t0 the Petitioner, 

human gene therapy and the development ? ° le animals (including both 

vivo or in vivo. development and use of animal model systems), whether ex 

Detailed Description Paragraph Right (156) • 

MS^lSut^rv^rifa SuSbSc* ^ ^no-associated virus 

another virus, such as an adenovirus or a nLST rr " n9 defective viru * that requires 
efficient replication and a product ive 1 ife Sck S"' " 3 VlrUS f ° r 

al., Curr. Topics in Micro. Ld Si! 158 ^J^""' 

°!! a j: led Descrip tion Paragraph Right (157)- 

^Tcl^Tr^ — i- not a transforming 

cause any significanFIltera??™ I? chromosomes of human cell lines does not 
characteristic of tL °L Se ™ 9 T th P ^ erties morphological 

potentially useful hSman ge^ne ^ra^cEr" ~ ^ ™ C ™™«* " a 

Detailed Description Paragraph Right (i 58 ) : 

pi" "grpulm^y StSSS'cS. ^^^^l"^ 

and McLaughlin et al . , (1 989) J ^virol 6 963-1973, ^vf 63:3622 -^28; 
as 300 base pairs of AAV can be packaged and ILVl V f ctors containing as little 
is limited to about 4~ kb. An a£v vector sth = ^Tf SpaCe f ° r oogenous DNA 
al., (1985) Mol. Cell. Biol .5 -Ml- So can h/ 5^ described in Tratschin et 
variety of nucleic acids have been introduced into'dif? int , r ° du ? e DNA int ° -lis. A 
vectors (see for example Hermonat eJ al (1984? Ltl TT CSl1 types usin 9 ^ v 

et al., (1985) Mol. Cell. Biol ? 4 -2S72-208I Wni^!? S U ' S ; A - 81 : 6466-6470 ; Tratschin 
Endocrinol. 2:32-39; Tratschin et " IV ■ % ndisford et al . , (1933) Mol. 
al., (1993) J . Biol! Sem 268 : 378?? 3 ;90) 84) J ' ^ ' 51:611 - 6 ^ and Flotte et 

Dgailgd Description Paragraph P ^ (159) : 

Wr^er^aT^ the 145 nucleotide AAV 

subcloning of the transgene eiihfr SrectJy Sng^T S \ te . that can ^ used for~ 
or b y excision of the transgene -th^sSct™^ 
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regulator, and granulocyte mar?™^! 7 ^ flbr °sis transmembrane conductance 
Gene Therapy 5 : 793- 8 Ol"l 94 S?e ?) A transaen? ^ faCt0r (K ° tin ' *' M " ' Human 
constructs of this invention can similarly be ^° r P° ratln 9 various DNA 
alternative to inclusion of a co^sSuSe 0 " ^ an ^' based vector. As an 
of the recombinant DNA encoding the fusion P^oteinTJ " - t0 drlve ^^on 
comprising an activation domain or DNA-bindfna dom ?i ' * ' 9 la ; US1 ° n proteins 
(ITR itself or AAV p 5 (Flotte et al T rT^ 9 ™ an ~ Promoter can be used 
vrxocce, et al. J. Biol.Chem. 268:3781-3790, 1993)). 

Detailed Description Paragrap h Right (i 6 0) • 

human^Ilfnne^such l^Tc^Te cf t^T 3 method> - ^ e * ample ' a 

vector and another pl"^cS?aSiS'o^ 8 «S- d ^" based expression 

(which are obligatory for r n 2£ t 9 encodin 9 MY rep and cap 

construct) under the control nJ^H Packaging of the recombinant viral 

in the absence of helper" virus tnl ?SnT pr ° moters or a heterologous promoter. 

accumulation of the repLcSve form 1^ ™ ^ and Rep?8 prevent 

herpes virus, these DroteinJ ItJSl ? UP ° n su P erinf action with adenovirus or 

construct containing^ transgene") ^cation from the ITRs (present only in the 

This system results in packSna of ex P ression of the viral capsid proteins. 

J., Current Opinion In BiotSogy ^ s'l stT^f IT ^ Viri ° nS (Carter < B " 

Therapy 5:793-801, 1994)) Typical^ thlL I ' IV ° tln ' R " M ' Human Gene 

is harvested from the cells S S YS ^ transf ection, recombinant AAV 

is then inactivated by heat "reagent aden ° VlruS and the contaminating adenovirus" 

Detailed Description Paragrap h Right (i 6 l) • 

Methods to improve the titer of aav Van ,i D „ k. ^ ^ 

AAV virion. Such strategies inclSS h,\ used to express the transgene in an 

the" ITR-flanked transgene in '1 ! not ^^ to: stable expression of 

Plasmid to direct viraT^acLging use of fce°ll line'thaf With 3 S6C ° nd 

mducibly, such as temperature-sensiJive indnrJ^l that expresses AAV proteins 
inducible expression. Alternative?" a eel? can be ^!? Slon ° r .P ha -acologically 
vector including a 5' ITR a 3' ITR f^llr f v, f transformed w ith a first AAV 
vector which includes an inducible^ o S "f h * te ™ lo 9°™ gene, and a second^ 

replication, which is capable of L?n 9 V ^eplxcation, e.g., SV40 origin of 

antigen and which includes Jna L^lnr^t^l^ ^ a96nt ' SUCh as the * V4 ° T 
induction by an agent the seJond^V ILtnl 9 ^ ^ and Cap P^eins . Upon 

and thereby increased nu^e ^ of inf ctSs ^par? ^l^ 6 t0 t ^ C ° Py nUmber < 
e.g, U.S. Pat. No. 5,693,531 by Chiorini^! ^ partlC ^ es mav be generated (see, 
method for producing' large' amount 3' 11 ^ c^inaAt^^al^asmid'is 7 " ^ 
incorporate the Epstein Barr Nuclear Antigen (EBNATaene V \ d WhlCh 

replication of Epstein Barr vims i^T^ T ^ \toJMA) gene, the latent origin of 
maintained as a multicopy xSa h 1 ' ? — 9en ° me - TheSe are 
Upon addition ofTu^Se^S^ 1 ^!??;! J? CellS ' SUCh 38 in 293 cells - 

of recombinant AAV (u.S P-P E „ ™'. e . Cel ? wil1 P rodu ^ high amounts 
1997). in anothe^system, In llv vlclllill n?« Le * k ° Wskl et al -< is ^ed Nov. 25, 
expression of the rep geAe wHeTein Si S? P ^ 18 provided tha t allows 

^tt: s et n ;i is repla F ^ss^/p™; is 1 ? rsr 7 vs 

3°JS t^L 1 d;ct\ S :n^ A treat\ 9 ng 1 t 9 L 7, ce^ i with ally ' °^ T ^™ ^^JciScy 
conversion of the sinale str^nLS * I ?t \ &n agent that facilitates the 
Wilson et al., S096/3I530 t0 the d ° Uble strand ^ form, as described in 

?!?: ailed DeSCriPti ° n Pa ra qraph Right (162) : 

tfTs^'^'modmed ^usi^g tL^V/Afde^c^rr ^ MU2yCZka ^ ™™ 
63:3822. Concentration and iS n it" '"^ 1 et al " (1989) J " Viro1 
methods such as banding in cesium cLoridf gradient Can achieved b y reported 
report of AAV vector expression L vi^ friotJe el V'r? th& initial 

268:3781-3790 1993) nr nhrr, m **-~ u ^-LOtte, et al . J. Biol. Chem. 
al., WO97/0MM ' chromato ^P^c purification, as described in O'Riordan et 
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Detailed Description Paragraph Right (163) • 

the preparation of cell free packaging extracts . >- 1S prOCedure evolves 

Detailed Description Paragraph Right (164) • 

ScUcelrSe^h^^ ? Uid ^ Ce ° n .^ technology which may be useful in the 
practice of the subject invention, including methods and materials for- r7« 

iiJ e.g. CarSr et al 5 E ? ^ L^? ln c ™" s£ "tin 9 cells and mammals, 

Pat. No. 5. lllUTl L"' i 1992^1^ 'w i JS ?' 1989>; "<"Y">"> « «1. U.S. 

■Adeno-AsBociated Vi"se«- to ^fi? following articles. Barns and Bohensky (1987), 

of publications; Trctschin et f ? t^wf 0 ;^'"" 10 " ° £ rMV " bribed in , number 

^caj.. oiui., 4.^0 /2-2081; Hermonat and Muzvezka (10041 mtto« j ', 

virus as a mammalian DNA cloning vector TrlnaSrHnn if °f . adeno-associated 

^'is "tlr^ral 1 ^™*^^^ 

tha/can be transformed M IfES? ' J v. I^" 1 " «'3"2-3a 28 . Cell lines 
■Sdenc-associated vSs, ^ ™H " v Tel fofef^c L * k °" ski " U988) 

°iroTc^^o; »^.-ssS" "^"^s-isss'rj.^-^ssr" 4 -* 

Detailed Description Paragraph Right (165) : 

n^ic"crco r mprfl„rroort 1 =ror° ted H b> ' " ±™ «P"° containing , 

anAAV which S selectS tSnslne Sler^hT; "J" V 7* 3 ' ITR »•*»»=•■ from 

D e t ailed Description Paragraph Right (167) • 

£ m PO^^??d. US :„codj„g t ^c r es SijlSd^ 1 ■•^"T "» ^ 

and 3' ITR sequences Thus the aav ttp It deleted and are usually the cis acting 5- 

K™rat£f t ^^S^SSlS^^^ 

Detailed Description Paragraph Right (168) • 
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-S^iJi: iSM^IrLST^d £ Pr ° P ^ tion - Purification of 
mammals, see also Wilson et al WO 94/fe938 WO ^/i^o/ n ^ansfecting cells and 
references cited therein. 94/28938, WO 96/13597 and WO 96/26285, and 

Detailed Description Para graph Left (22)- 
AAV Vectors — 

Detailed Description Paragraph Left (23): 
Hybrid Adenovirus -AAV Vectors 

CLAIMS : 

o^enovK^^ i^^f ^ ^ 

hybrid adenovirus^ vectors , 'S^S^i^^, Vect -s, 

U^SS^S alen^us 18 ^CtS tSX^^J^ 

oradeLvirarveltor^^v v^Sr! ^trcSraV* "J 16 " 6 ? ^ th " 9 ^ COnsisti ^ 
vectors and HSV vectors V6Ctors ' retroviral vectors, hybrid adenovirus -AAV 

of-adeLvSrve^torfVv veers' "rttlT ""l ^ ^ ^ — -ting 

vectors and HSV vectors V6Ctors ' retroviral vectors, hybrid adenovirus^ 

selecte^^^rtne^up^o^ £T ° f the recombinant viruses is 

adenovirus^ and HSV C ° nS1Stlng of adenovirus, AAV^ retrovirus, hybrid 

nie^lS'^^^J^riS.!! 1SaSt ° ne ° f the recombinant viruses is 
adenovirus -AAV and HSv" C ° nS1Stlng ° f adenovirus, AAV^ retrovirus, hybrid 
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File 5:Biosis Previews (R) 1969-2002/ Jun W3 
(c) 2002 BIOSIS 
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? s rxr and retinoid? 

32 93 RXR 
20798 RETINOID? 

51 2710 RXR AND RETINOID? 
? s si and aav 

2710 SI 
2095 AAV 

52 0 SI AND AAV 
? s si and ecdysone? 
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4/3,AB/l (Item 1 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

12844017 21454236 PMID : 11570505 

cells iStr ° niC SXpression of ecdysone- inducible receptors in mammalian 

Wyborski D L; Bauer J C; Vaillancourt P 
Stratagene Cloning Systems, La Jolla, CA, USA 

ISSN°0?S n ^or States) Sep 2001, 31 (3) p618-20, 622, 624, 

ISSN 0736-6205 Journal Code: 8306785 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

h a r e flr«H nt ^ mer 9 ence ° f inducible expression systems for mammalian cells 
has greatly facilitated the in vivo analysis of gene function. The 
ecdysone -inducible expression system is particularly attractive 
because of i extremely low basal expression and high-level induced 

l^tllttoT' and'V-? ^ ° f P^ iot «* ic eff -ts -used b? the inducer"" 
activator, and (m) the rapid penetrance and clearance of the inducer. 
Here, we describe an improved receptor expression vector. The remiired 
^£2X§fina--£exe^^ , 

££™a*^ the vector 

pg^TheCMV promoter in thi B ^SSST^i^SSSr!T^^^^rr^r 
type-specific promoter of interest. Using the ecdysone analogs 
muristerone A or ponasterone A, induction ratios of up to three orders of 
magnitude were attained in the transient transfection assays Ind ifa cen 

reporter vr^ tran ^° rmed With ^ PERV3 and an •cdyon.-induciSe 
llrvinl hi ^ Fln ! C ° ntr01 ° f lucife ^se expression was achieved bv 
varying both the induction time and inducer concentration. Here we 



wMc^h/ h 6 ' ° f Cel1 111165 Stably transf °rmed with the vector pERV3, in 
which the ecdysone receptors are expressed at optimal levels for the 
high-level induction of gene expression. 

4/3,AB/2 (Item 2 from file: 155) 

DIALOG (R) File 155 :MEDLINE (R) 

12554199 21448833 PMID: 11564603 

Requirement of co-factors for the ligand-mediated activity of the insect 
ecdysteroid receptor in yeast. 

Tran H T; Shaaban S; Askari H B; Walfish P G; Raikhel A S; Butt T R 
USA S ° rS In °" 271 ° reat VallSy Parkwa V' Malvern, Pennsylvania 19355, 

?n? r ? al ° f molecular endocrinology (England) Oct 2001 27 (2) 
P191-209, ISSN 0952-5041 Journal Code: 8902617 
Contract/Grant No.: AI-36959; AI; NIAID 
Document type: Journal Article 
Languages : ENGLISH 
Main Citation Owner: NLM 
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.J^i? SeCtS ' asteroid hormone 2 0-hydroxyecdysone has an important role in 
7 critical events such as development and reproduction. The action 

receptof (E^R) ^ 15 bY ±tS hindi ^ t0 the ecdysteroiS 

proffin (uSf a £ squires a heterodimeric partner, ultraspiracle 
protein (USP) , a homologue of the retinoid X receptor (RXR) 
InitiSnf J eter ° dimer -presents a functional receptor complex capable of 
initiating transcription of early genes. Our goal was to establish a 
;n ; T? de ^ transactivation system in yeas? utilizing an insect 
A E^ L ? mer ' I hiS haS bSen achi ^ed using mosquito fedes aegy^ti 

transcriptio^^o? 10 ^ 0 ' bUt n0t USP ' reSul?ed in constitute 

transcription of the ecdysone reporter gene coupled with the 

of OS °!S; A 6 "' Sh °? k ^°tein-27 ecd ^°ne response elements. Removal 
?r,no^ ■ - N -termmal a/b domain of AaEcR abolished its constitutive 
prSnce P of ' itTT^T tranSCri P tion was eliminated in He 

rS This sualL^ ^° dlm ^ 1C P artner ' AaUSPa - AaUSPb or mammalian 
RXR This suggests that the A/B domain is essential for the EcR 
ligand-mdependent transactivation and its interaction with the yeast 

A/ a ?pT P T ^° n C ° m ? leX - A ^^d-mediated transactivation of Aa (leltl 
A/B)EcR-USP or Aa (Delta A/B) EcR-RXR heterodimers in response to an 
ecdysteroid agonist RH-5992 was observed only in the presence of Sripi a 

A/B?EcR C USp Ct nIte^ d ' ^ the . K ?— e <* a^o- repress"?^? 2 DeitJ 
In add^Hon he ? erod ^ r exhibited a ligand-dependent repression activity, 
and frui^ flv eS a ^ . transactiva ti°n systems for spruce budwoL 

ana truit fly ecdysone receptors were also reported. This is the 
first report establishing the requirements of co-factors for a hiahlv 
efficient ligand-dependent function of the insect EcR-USP in yelst These 
idenJifv l? a " d a r ay , t0 StUdy ^ SeCt ECR " USP structu - and f"Sn£I»a2 to 
mosquitoes 9 ' f ° r 3 Certain ^ of insec ts, such as 

4/3,AB/3 (item 3 from file: 155) 

DIALOG (R) File 155: MEDLINE (R) 

11292452 21329581 PMID: 11435614 

Reconstruction of ligand-dependent transactivation of Choristoneura 
fumiferana ecdysone receptor in yeast <~nonstoneura 

CaSon G R^tll ^ S ' Price L; Palli S *' Dha ^ a ^ a T S; 

LifeSensors, Inc., Malvern, Pennsylvania 19355 USA 

m l6C ^ a n c f ldocrinol °9y (Baltimore, Md.) (United States) Jul 2001 15 
(7) pll40-53, ISSN 0888-8809 Journal Code: 8801431 
Document type: Journal Article 



Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Ecdysteroids play an important role in regulating development and 
reproduction in insects. Interaction of 20-hydroxyecdysone (20E) w j£ 

^!°"V reCeP J ECR) . aS a heterodimer with ultrLpiracle (USP) 
protein triggers the activation of 20E-responsive genes. In this paper we 
describe a ligand-mediated transactivation system in yeast using the spruce 
budworm Choristoneura fumiferana ecdysone receptor (cIecR* 
Coexpression of c fumiferana USP (CfUSP) with CfEcR in yeast led to 
constitutive transcription of the reporter gene. However, deletion of tne 

CfUSP CfEcR °comn^ SP ? COnstitutive activity observed for tie 

v C ° mp i ex - ^Placement of USP with its mammalian homolog 
w ^ rece P tors (RXRs > abolished the constitutive activity of 

Sese d^f mer V' t id reSt ° re ECR ^Sand-mediated transactivation. 

™*./* ta su 99 est , that USP and its A/B domain play a role in the 
constitutive function of CfEcR:USP in yeast. A ligand-mediated 
transactivation was observed when GRIP1 , a mouse coactiva^or gene was 
added to EcR : RXR or EcR : DeltaA/BUSP complexes. Deletion of the A/T' 
domain of EcR in the context of DeltaA/BEcR -RXR -GRIP1 nr 
DeltaA/BEcR : DeltaA/BUSP :GRIP1 dramatically improved Se Ugand- dependent 
transactivation. This is the first example of highly efficient 
ligand-dependent transactivation of insect EcR in yeas?. Analysis of 

tlTTellT^r ^^^^ K?' different ecdysteroidal compounds showed that 
the yeast system remarkably mimics the response observed in insect tissue 

assays" that can ' r6SUltS the - " 

^g^^t/anLgonLt'insec^cJdes 5 "" 11 ^ ecdysone 
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Ultraspiracle (USP) is the invertebrate homologue of the mammalian 
retinoid X receptor (RXR) . RXR plays a uniquely important mammalian 

to serve it f T^f ' develo P ment < a nd homeostasis through its ability 
RXR 17 ah 3 ! het ^odimeric partner to many other nuclear receptors 

fSnn^h S lnfl " ence the activity of its partner receptors 

RXR 9 USP haf io\ ° f ?\ ^ retin ° ic acid - In contrast to 

RXR USP has no known high-affinity ligand and is thought to be a 

silent component in the heterodimeric complex with partner receptors such 

of tit TiK S T re «T 0r ,- HSre We rep ° rt the 2 - 4 " A ^tal structure 

of the USP ligand-binding domain. The structure shows that a conserved 

sequence motif found in dipteran and lepidopteran USPs u m 

rwf^hat^USP tt7 eS f° l0C J " SP ^ an LaC " ive ccnfo^tiof iHl o 
!w! \ \ f S a large hydrophobic cavity, implying that there is 
almost certainly a natural ligand for USP . This cavity is large than h 
seen previously for most other nuclear receptors. Intriguingly £his canity 

n^turK^igand 0 ^ 7 * & ^ ^ ^ iS * rese^S 
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The ecdysone- inducible gene switch is a useful tool for modulatinq 

identiSr'induce^ W * have 

identified inducers derived from plants as well as certain classes of 

insecticides that increase the versatility of this gene regulation system 

Phytoecdysteroids share the favorable kinetics of steroids, but are inert 

in mammals. The gene regulation properties of one of these ecdysterotds 

have been examined in cell culture and in newly developed strains of 

ecdysone -system transgenic mice. Ponasterone A is a potent regulator 

of gene expression in cells and transgenic animals, enabling reporter genes 

£een identtf ^"tw * f apidly : * number ° f nonst ^oidal insec^icides^ave 
been identified that also activate the ecdysone system. Because the 
gene -control ling properties of the ecdysone switch are based on a 
heterodimer composed of a modified ecdysone receptor (VgEcR) and the 
retinoid X receptor (RXR) , we have tested the effect of 
RXR ligands on the VgEcR/RXR complex. Used alone, RXR 

ligands display no activity on the ecdysone switch. However, when 
™*Lnt n ^ omb t na ^° n ™ ith a VgEcR l igand, RXR ligands dramatically 

has allowed the development of superinducer combinationr-tHa't-'in'cre'ase- the 
dynamic range of the system. ease tne 
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Precise control of transgene expression would markedly facilitate certain 
applications of gene therapy. To regulate expression of a transferred gene 
in response to an exogenous compound in vivo, we modified the 
ecdysone -responsive system. We combined the advantages of tne 
Drosophila (DmEcR) and the Bombyx ecdysone receptor (BmEcR) by 
creating a chimeric Drosophila/Bombyx ecdysone receptor (DB-EcR) that 
preserved the ability to bind to the modified ecdysone promoter 
without exogenous retinoid X receptor (RXR) . In cultured cells 



DB-EcR effectively mediates ligand-dependent transactivation ^ of a reporter 
gene at lower concentrations of the chemical ecdysone agonist GS-E 
than VgRXR (DmEcR + RXR) . Transgene delivery in vivo was achieved by 
intramyocardial injection of recombinant adenovirus vectors in adult rats. 
Upon stimulation with GS-E, DB-EcR potently (>40-fold induction) activated 
gene expression in vivo while VgRXR was not induced. This hybrid 
ecdysone receptor represents an important new tool for in vivo _ 
transgene regulation with potentially diverse applications in somatic and 
germline transfer. 
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We describe the cloning and functional characterization of Schistosoma 
mansoni retinoid -X-receptor (SmRXR; NR2B4-B) , a novel member of the 
nuclear receptor superfamily from S. mansoni, a homologue of vertebrate 
retinoid -X-receptor. The DNA-binding C domain of SmRXR shows 80% 
sequence identity to both human RXRalpha and Drosophila ultraspiracle 
(USP) , but a much lower level of conservation of the ligand-binding E 
domain (22-25% identity) . Phylogenetic analysis places SmRXR within the 
RXR group as an early offshoot of this clade. SmRXR mRNA is expressed 
at all life-cycle stages but at higher levels in the free-living larval 
stages. However, the SmRXR protein is expressed at markedly different 
levels, being almost absent from eggs while present at the highest 
concentration in schistosomula . Recombinant SmRXR fails to bind to the 
consensus direct repeat response elements, either alone, or as a 
heterodimer with mouse retinoic acid receptor alpha or the Drosophila 
ecdysone receptor. However, the use of chimaeric constructions shows 
that the C domain of SmRXR will bind to conventional response elements as a 
heterodimer, and that its specificity is modified by the presence of the D 
and E domains. In accordance with these results, native SmRXR failed to 
transactivate the transcription of a reporter gene after cotransf ection of 
mammalian cell lines. 
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The ability to regulate temporal- and spatial-specific expression of 
target genes in transgenic mice will facilitate analysis of gene function 
and enable the generation of murine models of human diseases. The genetic 
analysis of mammary gland tumorigenesis requires the development of mammary 
gland- specif ic transgenics, which are tightly regulated throughout the 
adult mammary epithelium. Analysis of genes implicated in mammary gland 
tumorigenesis has been hampered by mosaic transgene expression and the 
findings that homozygous deletion of several candidate genes (cyclin Dl, 
StatSA, prolactin receptor) abrogates normal mammary gland development. We 
describe the development of transgenic mouse lines in which sustained 
transgene expression was inducibly regulated, both specifically and 
homogeneously, in the adult mammary gland epithelium. Transgenes encoding 
RXRalpha and a chimeric ecdysone receptor under control of a modified 
MMTV-LTR, which targets mammary gland expression, were used. These 
transgenic 'receptor' lines were crossed with transgenic 'enhancer' lines 
in which the ecdysone/RXR binding site induced ligand-dependent 
expression of transgenic beta-galactosidase . Pharmacokinetic analysis of a 
highly bioactive ligand (ponasterone A) , identified through screening 
ecdysteroids from local plants, demonstrated sustained release and 
transgene expression in vivo. This transgenic model with both tightly 
regulated and homogeneous transgene expression, which was sustained in vivo 
using ligands readily extracted from local flora, has broad practical 
applicability for genetic analysis of mammary gland disease. 
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The steroid hormone 2 0-hydroxyecdysone coordinates the stages of 
Drosophila development by activating a nuclear receptor heterodimer 
consisting of the ecdysone receptor, EcR, and the Drosophila 
RXR receptor, USP. We show that EcR/USP DNA binding activity requires 
activation by a chaperone heterocomplex like that required for activation 
of the vertebrate steroid receptors, but not previously shown to be 
required for activation of RXR heterodimers . Six proteins normally 
present in the chaperone complex were individually purified and shown to be 
sufficient for this activation. We also show' that two of the six (Hsp90 and 
Hsc70) are required in vivo for ecdysone receptor activity, and that 
EcR is the primary target of the chaperone complex. 
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The cellular response to steroid hormones is mediated by nuclear 
receptors which act by regulating transcription. In Drosophila 
melanogaster, the receptor for the insect molting hormone, 
20-hydroxyecdysone, is a heterodimer composed of the Ecdysone 
Receptor and Ultraspiracle (USP) proteins. The DNA binding domains of 
arthropod USPs and their vertebrate homologs, the retinoid X receptor 
(RXR ) family, are highly conserved. The ligand binding domain 
sequences, however, divide into two distinct groups. One group consists of 
sequences from members of the holometabolous higher insect orders Diptera 
and Lepidoptera, the other of sequences from vertebrates, a crab and a 
tick. We here report the sequence of an RXR /USP from the 
hemimetabolous orthopteran, Locusta migratoria. The locust RXR/USP 
ligand binding domain clearly falls in the vertebrate-crab-tick rather than 
the dipteran-lepidopteran group. The reason for the evolutionarily abrupt 
divergence of the dipteran and lepidopteran sequences is unknown, but it 
could be a change in the type of ligand bound or the loss of ligand 
altogether. 
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Some members of nuclear hormone receptors, such as the thyroid hormone 
receptor (TR) , silence gene expression in the absence of the hormone. 
Corepressors, which bind to the receptor's silencing domain, are involved 
in this repression. Hormone binding leads to dissociation of corepressors 
and binding of coactivators , which in turn mediate gene activation. Here, 
we describe the characteristics of Alien, a novel corepressor. Alien 
interacts with TR only in the absence of hormone. Addition of thyroid 
hormone leads to dissociation of Alien from the receptor, as shown by the 
yeast two-hybrid system, glutathione S-transf erase pull-down, and 
coimmunoprecipitation experiments. Reporter assays indicate that Alien 
increases receptor-mediated silencing and that it harbors an autonomous 
silencing function. Immune staining shows that Alien is localized in the 
cell nucleus. Alien is a highly conserved protein showing 90% identity 
between human and Drosophila. Drosophila Alien shows similar activities in 
that it interacts in a hormone-sensitive manner with TR and harbors an 
autonomous silencing function. Specific interaction of Alien is seen with 
Drosophila nuclear hormone receptors, such as the ecdysone receptor 
and Seven-up, the Drosophila homologue of COUP-TF1, but not with retinoic 



acid receptor, RXR /USP, DHR 3, DHR 38, DHR 78, or DHR 96. These 
properties, taken together, show that Alien has the characteristics of a 
corepressor. Thus, Alien represents a member of a novel class of 
corepressors specific for selected members of the nuclear hormone receptor 
superf amily . 
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Pulses of the steroid hormone ecdysone function as key temporal 
signals during insect development, coordinating the major postembryonic 
developmental transitions, including molting and metamorphosis. In vitro 
L~ studies have demonstrated that the EcR ecdysone receptor requires an 
/RXR heterodimer partner for its activity, encoded by the 
S ultraspiracle (usp) locus. We show here that usp exerts no apparent 
/function in mid-third instar larvae, when a regulatory hierarchy prepares 
the animal for the onset of metamorphosis. Rather, usp is required ^ in ^ late 
third instar larvae for appropriate developmental and transcriptional 
responses to the ecdysone pulse that triggers puparium formation. The 
imaginal discs in usp mutants begin to evert but do not elongate or 
differentiate, the larval midgut and salivary glands fail to undergo 
programmed cell death and the adult midgut fails to form. Consistent with 
these developmental phenotypes, usp mutants show pleiotropic defects in 
ecdysone-regulated gene expression at the larval -prepupal transition, 
usp mutants also recapitulate aspects of a larval molt at puparium 
formation, forming a supernumerary cuticle. These observations indicate 
that usp is required for ecdysone receptor activity in vivo, 
demonstrate that the EcR/USP heterodimer functions in a stage-specific 
manner during the onset of metamorphosis and implicate a role for usp in 
the decision to molt or pupariate in response to ecdysone pulses 
during larval development. 
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The vitamin D receptor (VDR) forms a heterodimeric complex with 
retinoid X receptor (RXR ) and binds to vitamin D-responsive 
promoter elements to regulate the transcription of specific genes or gene 
networks. The precise mechanism of transcriptional regulation by the VDR. 
RXR heterodimer is not well understood, but it may involve 
interactions of VDR . RXR with transcriptional coactivator or 
corepressor proteins. Here, a yeast two-hybrid strategy was used to isolate 
proteins that selectively interacted with VDR and other nuclear receptors. 
One cDNA clone designated NCoA-62, encoded a 62, 000-Da protein that is 
highly related to BX42, a Drosophila melanogaster nuclear protein involved 
in ecdysone-stimulated gene expression. Yeast two-hybrid studies and 
in vitro protein-protein interaction assays using glutathione S-transf erase 
fusion proteins demonstrated that NCoA-62 formed a direct protein-protein 
contact with the ligand binding domain of VDR. Coexpression of NCoA-62 in a 
vitamin D-responsive transient gene expression system augmented 1, 
25-dihydroxyvitamin D3 -activated transcription, but it had little or no 
effect on basal transcription or gal4 -VP16 -activated transcription. NCoA-62 
also interacted with retinoid receptors, and its expression enhanced 
retinoic acid-, estrogen-, and glucocorticoid-mediated gene expression. 
These data indicate that NCoA-62 may be classified into an emerging set of 
transcriptional coactivator proteins that function to facilitate vitamin D- 
and other nuclear receptor-mediated transcriptional pathways. 



4/3,AB/14 (Item 14 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

09696117 98121975 PMID : 9460643 

Evolution of the nuclear receptor superfamily: early diversification from 
an ancestral orphan receptor. 

Laudet V 

URA1160 du CNRS Oncologie Moleculaire, Institut de Biologie de Lille, 
Institut Pasteur de Lille, France. 

Journal of molecular endocrinology (ENGLAND) Dec 1997, 19 (3) 
p207-26, ISSN 0952-5041 Journal Code: 8902617 
Document type: Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

From a database containing the published nuclear hormone receptor (NR) 
sequences I constructed an alignment of the C, D and E domains of these 
molecules. Using this alignment, I have performed tree reconstruction using 
both distance matrix and parsimony analysis. The robustness of each branch 
was estimated using bootstrap resampling methods. The trees constructed by 
these two methods gave congruent topologies. From these analyses I defined 
six NR subfamilies: (i) a large one clustering thyroid hormone receptors 
(TRs) , retinoic acid receptors (RARs) , peroxisome prolif erator-activated 
receptors (PPARs) , vitamin D receptors (VDRs) and ecdysone receptors 
(EcRs) as well as numerous orphan receptors such as RORs or Rev-erbs; (ii) 
one containing retinoid X receptors (RXRs) together with COUP, HNF4 , 
tailless, TR2 and TR4 orphan receptors; (iii) one containing steroid 
receptors; (iv) one containing the NGFIB orphan receptors; (v) one 
containing FTZ-F1 orphan receptors; and finally (vi) one containing to date 
only one gene, the GCNF1 orphan receptor. The relationships between the six 
subfamilies are not known except for subfamilies I and IV which appear to 
be related. Interestingly, most of the liganded receptors appear to be 
derived when compared with orphan receptors. This suggests that the 
ligand-binding ability of NRs has been gained by orphan receptors during 
the course of evolution to give rise to the presently known receptors. The 
distribution into six subfamilies correlates with the known abilities of 
the various NRs to bind to DNA as homo- or heterodimers . For example, 
receptors heterodimerizing efficiently with RXR belong to the first 
or the fourth subfamilies. I suggest that the ability to heterodimerize 



evolved once, just before the separation of subfamilies I and IV and that 
the first NR was able to bind to DNA as a homodimer. From the study of NR 
sequences existing in vertebrates, arthropods and nematodes, I define two 
major steps of NR diversification: one that took place very early, probably 
during the multicellularization event leading to all the metazoan phyla, 
and a second occurring later on, corresponding to the advent of 
vertebrates. Finally, I show that in vertebrate species the various groups 
of NRs accumulated mutations at very different rates. 
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The biological activities of the retinoids are mediated by two 
nuclear hormone receptors: the retinoic acid receptor (RAR) and the 
retinoid-X receptor^(RXR)j RXR (and its insect homologue 

ultraspiracle) is a^'eolnmon heterodimeric partner for many other nuclear 
receptors, including the insect ecdysone receptor. As part of a 
^continuing analysis of nuclear receptor function, we noticed that, whereas 
I RXR ^©an be readily expressed in Escherichia coli to produce soluble 
^protein, many of i ts het erodimeric partners cannot. For example, 
overexpression of RAR r esu 1 1 s^TnoTnY^rThc lu s i on~bbdi e s with the residual 
soluble component unable to interact with RXR or ligand efficiently. 
Similar results are seen with other RXR/ultraspiracle partners. To 
overcome these problems, we designed a novel double cistronic vector to 
coexpress RXR and its partner ligand-binding domains in the same 
bacterial cell. This resulted in a dramatic increase in production of 
soluble and apparently stable heterodimer. Hormone -binding studies using 
the purified RXR -RAR heterodimer reveal increased ligand-binding 
capacity of both components of 5- to 10-fold, resulting in virtually 
complete functionality. Based on these studies we find that bacterially 
expressed receptors can exist in one of three distinct states: insoluble, 
soluble but unable to bind ligand, or soluble with full ligand-binding 
capacity. These results suggest that coexpression may represent a general 
strategy for biophysical and structural analysis of receptor complexes. 
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We have used a yeast genetic system to isolate cDNAs encoding proteins 
that specifically interact with the ligand-binding domain of human 
retinoid X receptor-alpha (RXR alpha). A number encoded 
portions of two known RXR heterodimer partners, the retinoic acid 
receptor (RAR) and the peroxisome proliferator activated receptor. Of four 
additional RXR-interacting proteins (RIPs) selected for further study 
two RIP14 and RIP15, are previously unidentified orphan members of the 
nuclear receptor superfamily. Two others, RIP110 and RIP13, do not show 

!^ T Ca f D vn imil f ritieS t0 P reviousl y reported proteins. RIPUO interacts 
with LexA-RXR only in yeast cells grown in the presence of the 
RXR ligand 9-cis-RA, while the interaction of the four receptor 
superfamily members and RIP13 is unaffected by the presence or absence of 
9-cis-RA ripiio and RIP13 also interact in yeast with several other 
members of the receptor superfamily, but RIP14 and RIP15 interact only with 
RXR . Analysis of larger cDNA clones demonstrates that there are at 
least two isoforms of RIP14 that differ in the N-terminal (A and B) and 
hinge (D) domains . Northern blot analysis indicates that RIP14 is expressed 
specifically in liver and kidney, while RIP15 is expressed in every tissue 
tested. Both RIP14 and 15 bind as heterodimers with RXR to the RA 

£ e f POnS ^^ ement (RARE) fr ° m the P rom °ter of the RAR beta 2 isoform (the 
beta RARE), and RIP14 and RXR heterodimers also bind the 
ecdysone response element from the Drosophila heat shock protein 27 
promoter. Both heterodimers also bind to several synthetic RAREs and other 
elements. In cotransfections, neither RIP14 nor RIP15 trans -activates a 
reporter containing multiple copies of the beta RARE under any of a variety 
!!L?nf r,^' S ? 9ges t in 9. that their activities are dependent on the 
process ^ unidentlfled specific ligands or on activation by other 
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n,o?i a r f l0n6d 3 memb ? r ° f thS nUClear rece P tor superfamily. The cDNA was 
isolated from a rat liver library and encodes a protein of 446 aa with a 

III Sow maSS K ° f ^° ThiS Cl ° ne i0R - 1} Sh0ws no strikin 9 homology to 

any known member of the steroid/thyroid hormone receptor superfamily The 
most related receptor is the ecdysone receptor and the highest 
homologies represent < 10% in the amino-terminal domain, between 15-37% in 
the carboxyl-terminal domain and 50-62% in the DNA binding domain The 
expression of OH appears to be widespread in both fetal and aduH rat 
tissues. Potential DNA response elements composed of a direct repeat of the 
hexameric motif AGGTCA spaced by 0-6 nt were tested in gel shift 

recepJor nt (retiLid T ^ "° ^ 9-cis-retinoic aciS 

receptor (retinoid X receptor, RXR) and the OR-1/rxr 

experiment's ^ ^ ' SpaCSd by 4 nt (DR4) ■ In transfection 

^ r * ltS ; ^Z 1 appears to activate RXR-mediated function through 

Steracting'with^. ^ ^ ^-"ti-olc acid signaling by 
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Ecdysone in Drosophila has been a paradigm for steroid hormones 
since its ability to induce gene activity directly was demonstrated by its 
effects on moulting and polytene chromosome puffing. The ecdysone 
receptor (EcR) was recently confirmed as a member of the nuclear receptor 
superfamily by cloning and characterization in a Drosophila cell line. Here 
we show that EcR needs to heterodimerize with either the retinoid X 
receptor (RXR) or its Drosophila homologue, ultraspiracle (USP) , for 
DNA binding and transactivation. These results place the ecdysone 
receptor in the heterodimerizing class of the nuclear receptor superfamily 
and demonstrate that the role of RXR/USP as a central and promiscuous 
partner in mediating the activity of these receptors is highly conserved 
Whereas EcR-USP DNA-binding activity is unaffected by hormone, EcR- 
RXR DNA-binding activity is stimulated by either ecdysteroid or 
9-cis-retinoic acid, demonstrating that hormone can play a role in 
heterodimer stabilization. 
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The vertebrate retinoid X receptor (RXR) has been implicated 
in the regulation of multiple hormonal signaling pathways through the 
formation of heteromeric receptor complexes that bind DNA with high 
affinity. We now demonstrate that ultraspiracle (usp) , a Drosophila 
RXR homolog, can substitute for RXR in stimulating the DNA 
binding of receptors for retinoic acid, T3, vitamin D, and peroxisome 
proliferator activators. These observations led to the search and ultimate 
identification of the ecdysone receptor (EcR) as a Drosophila partner 
of usp. Together, usp and EcR bind DNA in a highly cooperative fashion. 
Cotransfection of both EcR and usp expression vectors is required to render 
cultured mammalian cells ecdysone responsive. These results implicate 
usp as an integral component of the functional EcR. By demonstrating that 
receptor heterodimer formation precedes the divergence of vertebrate and 
invertebrate lineages, these data underscore a central role for RXR 
and its homolog usp in the evolution and control of the nuclear 
receptor-based endocrine system. 
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ABSTRACT: Response to the insect hormone ecdysone is mediated by a 
nuclear receptor complex containing Ultraspiracle (USP) and the 
Ecdysone Receptor (EcR) . Among other phenotypes, loss of functional 
USP in Drosophila eye development results in an accelerated morphogenetic 
furrow, although loss of ecdysone arrests the furrow. We have shown 
that USP both represses and activates a gene affecting furrow movement, 
the ecdysone-responsive Zl isoform of Broad-Complex, and we report 
additional usp mutant phenotypes. Using targeted replacement of USP to 
rescue usp mutant clones in the eye, we have mapped various USP functions 
and tested whether the USP nuclear receptor has an activating as well as 
a repressive effect on furrow movement. Furrow movement and related 
phenotypes are rescued by the presence of USP in a limited domain near 
the furrow while other phenotypes are rescued by USP expression posterior 
to the furrow. Our data indicate roles for USP activity at multiple 
developmental stages and help explain why loss of functional USP leads to 
furrow advancement while loss of ecdysone stops furrow movement. 
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ABSTRACT: The serotonin (5-HT) receptors 5-HT4 and 5-HT7 are G-protein 
coupled receptors that activate adenylyl cyclase (AC) and exist in 
several splice variants differing only in their intracellular carboxyl 
terminal tails. We wanted to determine if activation of AC differed 
between the ^ 5-HT4 (b) and 5-HT7(a) receptors. Comparison of receptor 
function using constitutive expression systems can be confounded by 



different receptor expression levels and clonal cell line differences. By 
using the Ecdysone-Inducible Mammalian Expression System we could 
reproducibly express varying levels of receptor in the same clonal cell 
line. This system utilizes a heterodimer (VgRxR) of the modified 
ecdysone receptor (VgEcR) from Drosophila and the retionoid X 
receptor (RXR) . This receptor binds a hybrid ecdysone 
response element (E/GRE) in the presence of the synthetic analog of 
ecdysone, ponasterone A. HEK293 cells stably expressing the 
heterodimer VgRxR receptor were stably transfected with a vector 
containing the coding regions for 5-HT4(b) and 5-HT7(a) receptors 
downstream of the E/GRE. Radioligand binding revealed low constitutive 
expression of both receptors, which could be titrated up to 3.7 pmol/mg 
protein with ponasterone A. Preliminary data indicate that constitutive 
AC activity and potency (EC50) of 5-HT are receptor level dependent at 
the 5-HT4(b) receptor but not at the 5-HT7(a) receptor. Additionally, the 
5-HT7(a) receptor activated AC more efficiently than the 5-HT4(b) 
receptor over a wide range of expression levels. Comparative studies on 
inverse agonism are ongoing. 
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ABSTRACT: Ecdysteroid hormones have been shown to regulate growth and 
development in insects, chelicerates and crustaceans. While they 
presumably mediate analogous functions in all arthropods, their action 
outside Insecta is poorly understood. Ecdysteroid receptors are 
heterodimeric proteins composed of two nuclear receptor superfamily 
members, the ecdysone receptor (EcR) and Ultraspiracle (USP) , the 
invertebrate homologue of retinoid x receptors (RXRs) . When paired 
EcR/USP dimers function as ligand-activated transcription factors 
binding to DNA response elements in target genes and activating 
transcription. A curious feature of the insect EcR and USP homologues 
isolated to date is the striking degree of heterogeneity in both EcR and 
USP proteins, relative to vertebrate nuclear receptor homologues. This 
feature has raised a number of questions regarding their evolution and 
functional equivalence. To examine the question of ecdysteroid action in 
ixodid ticks, we isolated chelicerate EcR and RXRhomologues from the 
ixodid tick, Amblyomma americanum. Like insects, ticks possess a single 
EcR homologue that encodes multiple protein isoforms. However, ticks 
possess at least two RXR genes that encode proteins with greater 
overall similarity to vertebrate RXRs. While tick EcR and RXR 
proteins can partner to form functional ecdysteroid receptors, the DNA 
and ligand binding domains of tick EcR and RXR proteins are quite 
divergent, and suggest that there may be important functional differences 
in both DNA and ligand binding of tick ecdysteroid receptors. 
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ABSTRACT: The phylogenetic relationships of 56 nuclear hormone receptors 
from both invertebrates and vertebrates were determined by the parsimony 
method (PAUP) . The consensus tree suggests that the ancestral gene 
diverged into five major subfamilies, each of which evolved into at least 
one cluster of related molecules. These subfamilies are represented by: 
(l) thyroid hormone receptors (TR) ; (ii) steroid receptors (SR) ; (iii) 
retinoic acid receptors (RAR) , retinoid X receptors (RXR) , 
and the chicken ovalbumin upstream promoter transcription factor 1 (COUP) 
group; (ix) peroxisome prolif erator-activated receptors (PPAR) ; and (v) 
vitamin D receptor (VDR) and knirps (kni) group. Although the 
neighbor- joining (N-J) method clustered the receptors into a greater 
number of subfamilies, it was evident that the components of the terminal 
receptor subgroups were similar to those found in the PAUP tree. These 
terminal clusters might then represent phylogenetically stable 
relationships. The positions of some orphan receptors were perturbed when 
a different algorithm was employed in the analysis. Both PAUP and N-J 
evolutionary trees showed that the receptors within the subgroups of a 
major sublineage tend to recognize hormones of very similar structure 
This finding suggests that the relative phylogenetic position of orphans 
to well-characterized receptors might be exploited to predict the type of 
ligand they would recognize. 
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